Abstract. We have measured the equivalent width (EW) of the K i 7699Å line in a sample of G and K-type members of the ∼ 35 Myr old cluster IC 2602 for which a dispersion in Li EWs had been reported by previous studies. Active cluster stars with 0.75 < ∼ B−V0 < ∼ 1 are characterized by a dispersion in the EW of the K i 7699Å, while earlier and later-type stars do not show any significant scatter. Cluster stars at all colors show potassium EW excesses with respect to field inactive stars; furthermore, a statistically significant relationship is found between differential potassium EWs and log LX/L bol ratios, indicating that the EWs of the potassium feature are altered by activity. Our results suggest that the dispersion in Li EWs observed among cluster stars later than B−V0 ∼ 1 cannot be fully explained by the effects of activity. No final conclusion can instead be drawn for earlier-type stars.
Introduction
The existence of a star-to-star scatter in Li abundances among otherwise similar late-type members of the 120 Myr old Pleiades cluster was first reported by Duncan & Jones (1983) and Butler et al. (1987) ; the dispersion was subsequently confirmed by several studies and additional observational constraints were put on it based on larger samples (Soderblom et al. 1993a , García López et al. 1994 , Jones et al. 1996 . A star-to-star scatter in Li has also been reported for other clusters both younger and older than the Pleiades, such as Alpha Per (Balachandran et al. 1996 , Randich et al. 1998 , IC 2602 -hereafter R97, Randich et al. 2001 , IC 4665 (Martín & Montes 1997) , M 34 (Jones et al. 1997) , NGC 6475 (James & Jeffries 1997 , James et al. 2000 , Randich et al. 2000 . The scatter has disappeared by the Hyades age (600 Myr).
The detection of a dispersion is one of the most puzzling results within the context of the so-called Li problem (e.g. Jeffries 2000 and references therein), being in strong contradiction with the predictions of "standard models" of stellar evolution; standard models incorporate convection only as a mixing mechanism and predict that the amount of Li depletion should depend on mass, age, and metallicity (or chemical composition) only; no differences in Li abundances are indeed expected for co-eval, otherwise similar stars in clusters. We mention in passing that the spread in Li in the Pleiades was initially ascribed to a large spread in age; Soderblom et al. (1993a Soderblom et al. ( ,1993b , however, convincingly showed that this is unlikely the case. Also note that the hypothesis that errors in stellar parameters, in particular effective temperature, might be a source of dispersion is rather unlikely, since a large scatter is present in the EW vs. color diagrams, i.e., stars with the same color (and presumably mass) in the same cluster have different Li EWs. Under the assumption that the observed scatter in Li reflects a real scatter in abundances, much work has been done on theoretical grounds in order to explain it; extra-mixing processes and/or mechanisms able to inhibit Li destruction were introduced in the models. Driven by the observed Li-rotation relationship, most of the models included rotation and/or angular momentum loss as an additional crucial parameter determining the amount of Li depletion (e.g., Martín & Claret 1996 , Pinsonneault 1997 and references therein): according to these models, different rotation rates or rotational histories would lead to different Li abundances. None of the models so far elaborated is able to quantitatively explain the observed features.
In the last few years there has been a growing interest in investigating whether and to which extent the observed scatter in the EWs of the Li i 6708Å resonance doublet among young cluster stars truly reflects a dispersion in Fig. 1 . K i 7699Å equivalent width vs. dereddened stellar color (B−V 0 and V−I 0 in the left-and right-hand panels, respectively) for our sample stars. The three curves indicate polynomial regressions of grade 1 (solid), 2 (dotted), 3 (dashed).
abundances or is rather due to other effects which could affect the formation of the Li line. More specifically, the suggestion has been made that chromospheric activity (including the presence of chromospheres as well as surface inhomogeneities such as spots and plages) may affect the formation of the Li line and be the reason for the observed spread in EWs, since, for a given abundance and temperature, more active stars would have larger EWs. In this case, the dispersion would not witness a dispersion in abundances and the high-Li -high-rotation relationship would not be a direct relationship, but it would be the consequence of the fact that high rotators are characterized by high activity levels and thus their Li EWs are more affected by activity.
Various ways of addressing this issue exist: we focus here on the simultaneous measurement of the Li i 6708Å and the K i 7699Å resonance features. The excitation potential of the potassium line and, more in general, its formation conditions, are very similar to those of the Li doublet; any line formation effect that alters the Li line should also affect the K i line and viceversa. Potassium is not destroyed in stars and star-to-star differences in its abundance among members of the same cluster are not expected: therefore, the detection of a spread in the EW of the K i line may provide an indication that the scatter in Li EWs does not necessarily imply a scatter in abundances.
The effect of activity on the Li i and K i lines has been quantitatively studied by Stuik et al. (1997) , who modeled the atmospheric stratifications of various combinations of spots and plages and investigated how those stratifications affect lithium and potassium line formation. They showed that the two alkali lines are not sensitive to chromospheres, but they are affected by the presence of plages and spots, which also significantly alter broad-band stellar colors and thus the observed alkali EW vs. color diagrams. Stuik et al. were not able to reproduce the Pleiades observational pattern and concluded that, whereas it is not easy to demonstrate that the dispersion in K i EWs (and Li i EWs) is really and completely due to stellar activity, the presence of a scatter in potassium EWs constitutes a warning against interpreting the spread in Li as due to a real spread in abundances.
A few additional studies on this topic were recently carried out: Jeffries (1999) using new data and old data from the literature, simultaneously monitored the strengths of the Li i and K i lines and Hα in a sample of Pleiades K-type stars to search for variability of the line strengths which would witness the presence of large-scale atmospheric inhomogeneities. He detected no variability of Li i EWs on one year timescales, possible variability on 10 years timescales, and only 20-30 % variability in chromospheric activity; he confirmed the presence of a dispersion in potassium and a correlation between Li and K line strengths and rotation and activity. Similarly to Stuik et al. (1997) , he concluded that the dispersion in K i EWs must be explained before definitively accepting that the dispersion in Li is due to a genuine dispersion in abundances. King et al. (2000) instead, based on a new analysis of Pleiades data from the literature, found that an excess in Li abundance correlates with an excess in the potassium EW and activity and concluded, more firmly than the other studies, that activity is, at least in part, the reason for the dispersion in Li EWs. Finally, Barrado y Navascués et al. (2001) presented an analytical model to investigate the effect of stellar surface inhomogeneities on the Li i and K i features (plus the Na i 5896Å feature) and compared their predicted EWs with the observed EWs in the Pleiades. They concluded, that activity can explain part of the dispersion, but it cannot fully account for it. The issue therefore is far from being settled.
So far, no studies of the potassium feature among latetype stars in other young clusters have been carried out. In this paper we present new potassium data for the 35 Myr old IC 2602; as mentioned above, a dispersion in Li was detected among its late-type members by R97 and R01, although the scatter seems narrower than in the Pleiades. With the present study we wish to address the obvious questions whether IC 2602 stars are also characterized by a dispersion in K i EWs and whether there is a correlation between potassium EWs and activity. A positive answer to these questions would provide an additional hint that activity do affect the formation of the alkali lines.
Observational data
The equivalent widths of the K i 7699Å line were measured in a sample of IC 2602 stars selected from R97 and R01. Ca i 6718Å line strengths were also measured for the sample stars. Most of the sample stars had been observed using CASPEC at the ESO 3.6 m telescope; high resolution spectra for a few of them were acquired using the Echelle spectrograph on the CTIO 4 m telescope. We refer to R97, R01, and Stauffer et al. (1997) for details on the observations; we briefly recall here that the resolving powers ranged between R∼ 20, 000 and R∼ 41, 000, due to the use of different instruments and/or slit widths. S/N ratios in the K i line spectral region are in the range between 60 and 100, although a few spectra were characterized by lower S/N ratios, which did not allow us to measure their potassium features. The present sample includes all the stars with B−V 0 ≤ 1.4 for which we were able to get a reliable measurement of the EW of the K i feature; EWs were measured, as usual, by direct integration below the continuum levels. These in turn were estimated by polynomial fitting of line free regions. The sample stars are listed in Table 1 . Star names come from Randich et al. (1995) (with exception of W79 -from Whiteoak 1961); in Cols. 2 and 3 we list B−V 0 and V−I 0 colors which were retrieved from Prosser et al. (1996) ; as in R01 reddening values E(B−V)=E(V−I)= 0.04 were assumed. The measured EWs of the Li i (retrieved from R97 and R01), K i, and Ca i lines, together with 1σ errors, are listed in Cols. 4-6.
Results

The dispersion in the EW vs. color diagrams
In Fig It is worthwhile recalling that calcium is not an alkaline element; however, since the Ca i 6718Å is not thought to be affected by activity, it is used here for comparison purposes. The comparison of the three figures first shows that, whereas the EWs of the K i and Ca i lines monotonically increase with color, as well known, this is not the case for lithium. The difference in the EW vs. color morphologies of the three lines is due to the fact that, as mentioned in Sect. 1 (and this is indeed the motivation for the present and similar studies), lithium is destroyed in low mass stars, with the amount of depletion increasing with decreasing mass, while potassium and calcium are not; therefore, the EWs of the Ca i and K i lines are determined by effective temperature only, since we are considering stars in the same evolutionary status, and thus with similar gravities and microturbulence values; on the contrary, the strength of the Li line is determined by both the effective temperature (for a fixed abundance the EW would increase with decreasing temperature) and the abundance, which decreases towards cooler stars. The EW(Li) vs. color morphology for cluster stars is indeed a very well known result and a more detailed discussion is not warranted here. It is instead important to stress again that, according to standard models, at a given color or effective temperature, stars in the same cluster should have the same Li abundance, and thus Li EW, and a tight Li vs. color distribution should be observed. Figures 1-3 also suggest that: Table 1 . Sample stars and measured equivalent widths. Table 2 . The scatter in the EW vs. color diagrams: reduced χ 2 values and probabilities that the dispersion is real (numbers within parenthesis) are listed. "S" means a probability larger than 99.9 %, while "NS" indicates a probability below 67 %. "Degree" indicates the degree of the polynomial fitting of the EW vs. color relationship (see text for details). "All" refers to the whole color range, while intervals A, B, and C, refer to B−V 0 < 0.75, 0.75≤B−V 0 ≤ 1, and B−V 0 > 1, respectively. . 2) ; iv) Finally, no significant (i.e., larger than measurement errors) dispersion seems to be present in the calcium EW vs. color diagrams. We carried out a more quantitative analysis by performing polynomial regressions of the observed EW vs. color distributions and estimating reduced χ 2 values that allow assessing on a statistical basis the presence/lack of a star-to-star scatter. The reduced χ 2 values for the three atoms as a function of the two colors and for different B−V ranges are listed in Table 2 . In the table we also provide the probability that the observed dispersions are real. The symbol "S" means a probability larger than 99.9 % (i.e., a significance level larger than 3σ), while "NS" means a probability below 67 % (i.e., below 1σ significance). The regression curves are also shown in the three figures. Note that the polynomial regressions we have carried out do not have any real physical meaning (i.e., we are not trying to model the EW vs. color patterns); our aim here is to infer a "mean" EW as a function of color and to ascertain whether the scatter around this mean EW is significant or not. Table 2 suggests the following points: 1) The dispersion in lithium EWs is real in both the EW vs. B−V and the EW vs. V−I diagrams for stars in the color ranges B (0.75 ≤ B−V 0 ≤ 1) and C (B−V 0 > 1). As already known from previous studies, the dispersion in Li EWs is instead not significant for earlier-type stars; 2) Our quantitative analysis supports points ii) and iii) above: namely, the dispersion in the EW(K) vs. B−V diagram for stars with B−V 0 in the range 0.75 − 1 is significant, while the dispersion is not significant for later and earlier-type stars. The dispersion is also not significant when considering V−I colors. Note that, as just mentioned in point 1), stars with B−V 0 > 1 do show a star-to-star scatter in Li EWs; 3) The EW(Ca) vs. color diagrams are not characterized by a significant scatter; we get probabilities larger than 99.9 % that the observed dispersion occurs by chance. As a final remark, we note that the reduced χ 2 values obtained for the three lines and, most important, the probabilities that the observed dispersions are real, show a very weak dependence on the choice of the degree of the fit, i.e., a first order, linear fit provides similar results than a second order fit (see also Figs. 1-3) . In other words, our results (and in particular the significance of the dispersion) do not appear to depend on the fitting procedure.
Potassium excess vs. activity for the IC 2602 and the Pleiades
In the previous section we have shown that late-G and early-K IC 2602 stars are characterized by a dispersion in potassium EWs, at least when considering the EW(K) vs. B−V distribution. The next issue is whether such a dispersion is caused by activity and, in particular, whether stars with different activity levels show any excess/deficit in their potassium EWs.
To address this question we computed for each star a predicted potassium EW based on the empirical EW(K) vs. T eff relationship found by Tripicchio et al. (1999) for low activity field stars. More specifically, the predicted EWs of the potassium line were determined using equation (1) in Tripicchio et al. (1999) and the a i coefficients for dwarf stars. Under the reasonable assumption that our cluster stars have a similar potassium abundance than field stars, differential potassium EWs were then calculated as: ∆EW = (EW obs. − EW pred. )/EW obs. , where EW obs. and EW pred. are the observed and predicted values of the EW, respectively. Effective temperatures (and thus differential EWs) were derived based on both the B−V and V−I colors. T eff (B−V) were estimated using a similar T eff vs. B−V calibration than Tripicchio et al. (1999) , namely, that of Gray (1992) . Since Gray (1992) does not provide a T eff vs. V−I calibration, we estimated T eff (V−I) as follows: we first computed the difference ∆T eff between T eff (B−V) from Gray calibration and T eff (B−V) from the calibration employed by R01. Then we fitted the relation between ∆T eff and T eff (V−I) from R01 and computed T eff (V−I) Gray =T eff (V−I) R01 +∆T eff . Before presenting and discussing our results, we caution that our quantitative estimate of differential potassium EWs or potassium excesses is based on the fit of Tripicchio et al. (1999) and its accuracy; the comparison of our measured EWs with predicted EWs from different calibrations may not necessarily lead to the same quantitative results.
In Fig. 4 In Fig. 5 we plot the differential potassium EWs vs. log L X /L bol , the ratio of the X-ray over bolometric luminosity. L X /L bol values were retrieved from Stauffer et al. (1997) and are used here as activity tracers. If we exclude the two datapoints with the lowest differential equivalent widths 1 , a correlation between log L X /L bol values and differential EWs is evident in both panels. Although a oneto-one relationship between the two quantities cannot be claimed and for each log L X /L bol value a certain amount of scatter in ∆EW is present, stars with larger activity generally have larger ∆EW values, or larger excesses in EW. We computed the one-sided correlation coefficients finding that the correlations in both panels are significant at a confidence level larger than 99.99 (i.e., > 5σ), quantitatively confirming that more active stars tend to have larger K i EWs. We note that whereas a relationship between activity and EW excess may be present also for our sample stars with B−V 0 ≥ 1, these stars cover a rather narrow range of log L X /L bol values and, consequently, a narrow range of differential EWs; finally, for a given log L X /L bol or activity level, several stars have larger differential EWs when considering the predicted EW based on T eff (B−V) than those based on T eff (V−I).
Figures 6a and 6b are similar to the left-hand panels of Figs. 4 and 5, but our sample stars are compared to the Pleiades. Potassium EWs for this cluster were retrieved from Soderblom et al. (1993a) , while log L X /L bol values were taken from Stauffer et al. (1994) and Micela et al. (1996) . As for our sample stars, effective temperatures were inferred using the T eff vs. B−V calibration of Gray (1992) . The figure clearly shows that the two clusters behave very similarly; in particular Fig. 6b indicates that, above log L X /L bol ∼ −4, stars with similar activity levels have similar excesses in potassium EWs. Low activity Pleiades stars instead exhibit a scatter in differential EWs, while all IC 2602 members with log L X /L bol < −4 have ∆ EW(K) ∼ 0. The rather small number of lowactivity IC 2602 members and the lack of available errors for the potassium EWs of the Pleiades, do not allow us to ascertain whether this difference is significant or not.
In any case, as for IC 2602, we find that the correlation between differential EWs and log L X /L bol values for the Pleiades is significant at > 99 % confidence level. Note that, whereas a relationship between differential EWs and activity for the Pleiades was already found by King et al. (2000) , we computed EW excesses with respect to inactive field stars, while their EW excesses (deficits) referred to a mean trend in the EW vs. T eff diagrams.
Discussion
What do the results presented in the previous section allow us to conclude? First, the findings of King et al. (2000) and of similar papers for the Pleiades seem to hold also for the younger IC 2602: a dispersion in potassium EWs is detected. In addition, active stars in IC 2602 and the Pleiades show potassium EWs in excess of those of inactive field stars with similar colors; a statistically significant correlation between EW excess and activity is found for both clusters. These results support the hypothesis that the appearance of the alkali EW vs. color distributions in young clusters is affected by activity which alters the formation of the resonance lines. Activity seems to affect stars at all colors, although different dispersions in the activity levels reflect into different spreads in the potassium EW for stars in different color ranges.
Second, no significant dispersion in the EW(Ca) vs. color diagrams is found: so far no study has tried to model how activity and the presence of surface inhomogeneities would affect the observed Ca i vs. color diagrams. Activity is not thought to affect the formation of the Ca i line itself; however, large and cool spots, besides affecting the observed EWs of the alkali atoms, are also predicted to alter stellar colors (Stuik et al. 1997 , Barrado y Navascués et al. 2001 . The Ca EW vs. color distributions can thus be used to put some constraints on the characteristics of the spots. If B−V colors of our cluster stars were significantly altered by the presence of surface inhomogeneities, a dispersion should also be observed in the EW(Ca) vs. color diagrams, since stars with the same intrinsic color, but different activity levels would have the same Ca EW, but different observed colors. Viceversa, at a given observed color one would find stars with different intrinsic colors and thus Ca EWs. More specifically, the absence of a detectable scatter in the EW of the Ca line, suggests that the characteristics of surface inhomogeneities in our sample stars should be such that stellar colors are not greatly altered. Given the EW(Ca) vs. B−V relationship for our sample stars, ∆B−V larger than 0.1 dex are required to have ∆EW(Ca) > 2σ (EW(Ca)) and hence a detectable spread in Ca EWs. (2001) shows that, assuming spot coverages below ∼ 40 %, these values can be obtained for ∆T between the spot and the quiet photosphere of the order of ∼ 1000 K. In other words, the whole range of differential potassium EWs measured among IC 2602 stars is consistent with the predictions of Barrado y Navascués et al. (2001), provided that our sample stars are covered by cool enough spots.
Third, we find that the EW(K) vs. V−I diagram is not characterized by a significant scatter (neither for stars in different color ranges, nor when considering the whole range); in addition, differential EWs from a V−I based analysis are somewhat smaller than those from a B−V based analysis. This means that most of our sample stars appear redder/cooler when considering V−I colors. We do not have a definitive explanation for this finding, but can attempt two different hypothesis: namely, either B−V colors are not correct and thus they are not good temperature indicators and V−I colors should always be used (but in this case it would be hard to explain the rather tight EW(Ca) vs. B−V relationship); or V−I colors are somewhat more affected by spots than B−V colors; if the increase in EW is accompanied by a shift in color, an active star with a given color and EW may move, in the EW(K) vs. color plane, close to a cooler less active star with an intrinsically redder color and larger EW. Although Barrado y Navascués et al. (2001) and similar studies have not modeled the effect of spots on V−I colors it is reasonable to think that cool enough spots would affect more V−I than B−V colors. 5. Conclusion: is the spread in lithium due to activity ?
We have measured the EW of the K i line in a sample of late-type members of IC 2602. Our study confirms the results of previous papers based on the Pleiades cluster, but, at the same time, adds new pieces of information into the issue of the scatter in Li/K observed among latetype stars in young clusters. The results and discussion presented in the previous sections support the idea that the potassium EW vs. color diagrams of IC 2602 stars are affected by activity. Based on a statistical analysis, a starto-star scatter in potassium EWs is detected in the EW vs. B−V diagram of late-G/early-K-type stars. In addition, the most active IC 2602 (and Pleiades) stars show EW excesses with respect to inactive field stars; differential EWs as large as 0.4 dex are measured, with more active stars generally having larger EW excesses. More specifically, a significant correlation between potassium excess and log L X /L bol ratios is found for both IC 2602 and the Pleiades. The dispersion in the EW(K) vs. V−I diagram is not significant and we suggest that this may be due to the different effect that cool spots have on B−V and V−I colors. We also find that stars later than B−V 0 ∼ 1 do not show a significant dispersion in EW(K), although they do show EW(K) excesses. We believe that the reason for this is the narrow range in activity levels covered by late-type cluster members. The question remains whether the observed scatter in Li EWs can then be fully explained as due to activity. To answer this question the same type of analysis that we presented for potassium should in principle be carried out also for lithium; namely, the Li EWs of cluster stars should be compared with those of a sample of inactive field stars in order to look for EW(Li) excesses. However, due to the age-magnetic activity inverse relationship, inactive field stars are most likely old and have hence undergone a significant amount of Li depletion; their intrinsic Li abundance is presumably lower than that of IC 2602 members and the comparison would be meaningless. The comparison of measured EWs in IC 2602 with model predictions for the age of the cluster would not work either: standard models depend on the adopted assumptions on e.g. convective treatment and atmospheric opacities, and different groups make different quantitative predictions on Li depletion as a function of mass; therefore the comparison, and in particular any Li excess/deficit that we would find, would depend on the particular choice of the model.
The most secure conclusion that can be drawn from the present study is that the scatter in lithium among stars later than B−V 0 ∼ 1 cannot be explained by activity only. The detection of EW(K) excesses among late-K cluster members suggests that the formation of the K i feature in these stars is affected by activity; however, as we have discussed, these stars (at least those included in the present sample) are characterized by similar activity levels and thus show little scatter in their potassium EWs. The same should hold for the Li line, in contradiction with the large observed scatter in Li among our sample stars with B−V 0 > 1. In other words, although the Li EWs of the coolest stars in our sample are most likely affected by the presence of surface inhomogeneities (since potassium EWs are affected), the lack of scatter in potassium EWs among these stars suggests that the ultimate reason for their dispersion in Li abundances is a different amount of Li destruction.
As to earlier-type stars, at this stage we cannot answer the question whether their scatter in Li EWs is due to a scatter in abundances, and hence different amounts of Li depletion, or is instead completely due to activity. Certainly, it is at least in part caused by activity. If we focus on a narrow color range (e.g. 0.79 < ∼ B−V 0 < ∼ 0.84), stars with larger potassium EW excesses tend to have larger Li EWs; since within 0.05 dex difference in B−V (or ∼ 100 K interval in T eff ) a large difference in Li abundance is not expected, this provides an hint that the difference in Li EWs is really due to a difference in activity only. Unfortunately, there are only five stars in this color range, which does not allow us to regard this conclusion as definitive.
Most obviously, further investigations on this topic should be carried out, both on theoretical and observational grounds. The potassium line should be measured in additional clusters. Additional photometry, and in particular photometric monitoring and/or, as mentioned by Jeffries (1999) , Doppler imaging of cluster stars, which would allow constraining the characteristics of spots and plages and their timescales, should also be performed. If possible, simultaneous monitoring of the alkali lines EWs (including also the Na i 5896Å feature) should be obtained. At the same time, additional modeling should be carried out.
